Windborne debris in the urban environment by Owen, John S.
Owen, John S. (2015) Windborne debris in the urban 
environment. Technical Transactions, 112 (2-B). pp. 145-
165. ISSN 2353-737X 
Access from the University of Nottingham repository: 
http://eprints.nottingham.ac.uk/33375/1/Budownictwo-Zeszyt-2-B-%2812%29-2015-10.pdf
Copyright and reuse: 
The Nottingham ePrints service makes this work by researchers of the University of 
Nottingham available open access under the following conditions.
This article is made available under the Creative Commons Attribution Non-commercial No 
Derivatives licence and may be reused according to the conditions of the licence.  For more 
details see: http://creativecommons.org/licenses/by-nc-nd/2.5/
A note on versions: 
The version presented here may differ from the published version or from the version of 
record. If you wish to cite this item you are advised to consult the publisher’s version. Please 
see the repository url above for details on accessing the published version and note that 
access may require a subscription.
For more information, please contact eprints@nottingham.ac.uk
JOHN S. OWEN*
WINDBORNE DEBRIS IN THE URBAN ENVIRONMENT
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A b s t r a c t
This paper presents a comprehensive review of the research into windborne debris using. It introduces the 
FRPSRQHQWVRIWKHW\SLFDOGHEULVULVNPRGHOZLQG¿HOGPRGHOGHEULVJHQHUDWLRQPRGHOGHEULVWUDMHFWRU\





windborne debris is clearly a threat to the urban environment during European wind storms. The way that 
)(0$¶V+$=860+KD]DUGDVVHVVPHQW WRROKDVEURXJKWQDWXUDOKD]DUGPRGHOOLQJ LQWR WKHHQJLQHHU-
LQJFRQWH[WLVYLHZHGDVDQDSSURDFKWKDWFRXOGEHDGDSWHGIRUERWKPLWLJDWLRQDQGGHVLJQLQD(XURSHDQ
FRQWH[W
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S t r e s z c z e n i e
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those that occur in Northern Europe. The Federal Emergency Management Agency (FEMA) 
LQWKH86$KDVSXEOLVKHGDQXPEHURIUHSRUWVRQKXUULFDQHGDPDJH>@ZKLFKLOOXVWUDWH
ERWK WKH VRXUFHRIZLQGERUQHGHEULV DQG WKHGDPDJH FDXVHGE\ WKDW GHEULV([DPSOHVRI
typical damage caused by windborne debris are shown in Fig. 1.
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)LJ([DPSOHVRIGDPDJHFDXVHGE\ZLQGERUQHGHEULVDQRUWKIDoDGHRI+\DWW+RWHO1HZ2UOHDQV
GDPDJHE\SHDJUDYHOIURPQHLJKERXULQJURRISKRWRE\.3RUWHUIRU0&((5EH[DPSOHRI
KD]DUGGXH WRPLVVLOHVJHQHUDWHGE\ IDLOHG VWUXFWXUHV SKRWRE\75HLQKROG$$:(JDOOHU\ 
FH[DPSOHRIFODGGLQJGDPDJHGXHWRZLQGERUQHPLVVLOHVSKRWRE\75HLQKROG$$:(JDOOHU\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Windborne debris arises from a variety of sources including building components where 







'HEULV SLFNHG XS E\ WKH ZLQG FDQ UDSLGO\ DFFHOHUDWH WR UHDFK DQG HYHQ H[FHHG WKH
EDFNJURXQG ZLQG VSHHG 7KH GHEULV FDQ WUDYHO VLJQL¿FDQW GLVWDQFHV UDQJHV RI RYHU RQH
KXQGUHGPHWUHVKDYHEHHQUHSRUWHGDQGFDQKDYHVLJQL¿FDQWPRPHQWXPZKHQ LW LPSDFWV
WKHJURXQGRUGRZQZLQGEXLOGLQJV&OHDUO\LQDQXUEDQHQYLURQPHQWWKHULVNRIGDPDJLQJ
impact with other structures is much higher and there are also risks associated with cars and 
pedestrians in the streets. Several fatalities have been reported in the media with people or 
vehicles struck by debris.
7\SLFDOGHEULVLPSDFWGDPDJHLQYROYHVWKHSHQHWUDWLRQRIWKHEXLOGLQJHQYHORSHXVXDOO\
WKURXJKEURNHQZLQGRZV WKRXJKFODGGLQJFDQDOVREHGDPDJHG+RZHYHU LW LV LPSRUWDQW
to note that the damage is not usually limited to the building envelope. Once the building 
HQYHORSHLVFRPSURPLVHGZDWHULVDEOHWRHQWHUWKHEXLOGLQJZKLFKFRXOGOHDGWRGDPDJHWR
WKHFRQWHQWV)XUWKHUPRUH WKHVXEVHTXHQW LQWHUQDOSUHVVXULVDWLRQRI WKHGDPDJHGEXLOGLQJ







Design against windborne debris focuses on preventing debris generation by following 
JXLGDQFH RQ DSSURSULDWH ¿[LQJV DQG IDVWHQLQJV DQG RQ GHDOLQJ ZLWK WKH FRQVHTXHQFHV RI
GHEULVGDPDJHVXFKDVLQWHUQDOSUHVVXULVDWLRQ+RZHYHU¿HOGUHFRQQDLVVDQFHKDVVKRZQWKDW
the generation of wind borne debris is not usually the result of poor design. When component 
IDLOXUHJHQHUDWHVGHEULVLWLVXVXDOO\WKHUHVXOWRIWKHIDLOXUHRIWKHIDVWHQHUVHLWKHUGXHWR
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sectors that have driven the production of appropriate hazard loss models.
This paper will present a comprehensive review of the research into windborne debris 
using the general structure of the debris risk models as a template. It will introduce the 
components of the typical debris risk model and then review the research that has been done 
in each of the constituent areas. Although much of the research relates to hurricane hazard 
LQWKH86$ZLQGERUQHGHEULVLVFOHDUO\DWKUHDWWRWKHXUEDQHQYLURQPHQWGXULQJ(XURSHDQ
wind storms. An aim of the paper is to highlight the progress made in US hazard modelling 
DQGKHQFHLGHQWLI\IXWXUHUHVHDUFKRSSRUWXQLWLHVLQWKH(XURSHDQFRQWH[W
2. Debris risk models




















(sheet debris) and small roof timbers (rod debris). The latter are compact type debris and 
UHSUHVHQWGHEULV WKDWKDVFDXVHGVLJQL¿FDQWGDPDJHLQKLVWRULFKXUULFDQHVVXFKDV.DWULQD
)LJDQG>@7KHPRGHOFRQVLGHUVIDLOXUHRI LQGLYLGXDOFRPSRQHQW¿[LQJVXQGHUZLQG
SUHVVXUH DQG WKHQ SUHGLFWV WKH VXEVHTXHQW GHEULV WUDMHFWRULHV7KH WUDMHFWRULHV DUH XVHG WR
obtain energy and momentum risk curves that then form the input for a damage and loss 
HVWLPDWLRQPRGHO>@ZKLFKLVVKRZQVFKHPDWLFDOO\LQ)LJVDQG

T a b l e  1
&ODVVL¿FDWLRQRIGHEULVW\SHVDFFRUGLQJWR>@ZLWKH[DPSOHV
&RPSDFW
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WKH+$=860+PRGHO LV WRDOORZXVHUV WRTXDQWLI\ WKHFRVWHIIHFWLYHQHVVRIPLWLJDWLRQ




damage during a hurricane due to debris from building sources. The approach includes 
DSUREDELOLVWLFPRGHORIGHEULVWUDMHFWRULHVWKDWDUHXVHGWRSUHGLFWLPSDFWDQGGDPDJHORFDWLRQV









to predict the likely occurrence of wind borne debris.
7KH KXUULFDQH PRGHO LQ +$=860+ LV EDVHG RQ DQ H[WHQVLYH VWXG\ > @ WKDW
FRQVLGHUHGKLVWRULFDOKXUULFDQHGDWDLQFOXGLQJKXUULFDQHWUDFNVWRFUHDWHDPRGHOWKDWFRXOG
be used to generate simulations of future hurricanes. The simulations compared well with 
historical data in terms of both wind speed and central pressure. The model also includes 
a terrain model so that the simulation data can be used to predict wind speed and pressure 
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GDWDIRUVSHFL¿FORFDWLRQV6LPLODUVWXGLHVRQKLVWRULFVWRUPVLQ1RUWK:HVW(XURSHKDYHEHHQ
SHUIRUPHGEXW WKHVHKDYHEHHQ LQ WKHFRQWH[WRI FDWDVWURSKHPRGHOOLQJ IRU WKH LQVXUDQFH
LQGXVWU\RUPHWHRURORJ\WKHUHLVDV\HWQRWHIIHFWLYHWUDQVIHULQWRWKHHQJLQHHULQJFRQWH[W
+RZDQGZKHWKHU WKH WUDGLWLRQDOZLQGVSHHGGDWD IURPGHVLJQFRGHVVXFKDV(&FDQEH
applied to analysis of the risk from windborne debris has also still to be fully addressed.








The purpose of the debris generation model is to predict the type and source location of 





'DPDJH VXUYH\V UHSRUW WKDW IDLOXUH RI URR¿QJ HOHPHQWV LV PRVW OLNHO\ WR UHVXOW IURP
IDLOXUHRIWKHIDVWHQHUVHLWKHUEHFDXVHRISRRULQVWDOODWLRQSUDFWLFHVRUWKURXJKPHFKDQLFDO
failure of inadequate or corroded fasteners. These factors have been the focus of full scale 
LQYHVWLJDWLRQVRIUHVLGHQWLDOEXLOGLQJV>@$OWKRXJKORFDOIDLOXUHRIURRIFRYHULQJVLV
LPSRUWDQWLQVRPHFDVHVWKHXQGHUO\LQJURRIVWUXFWXUHFDQDOVREHFRPHWKHVRXUFHRIGHEULV
This usually occurs because the structural design did not take into account the consequences 
of internal pressurisation following perforation of the building envelope.
)XWXUHUHVHDUFKWRUH¿QHWKHGHEULVJHQHUDWLRQPRGHOLVOLPLWHGE\WKHZLGHYDULDELOLW\
RIGHEULV IRUPDQG¿[LQJFDSDFLW\ ,WPXVW WKHUHIRUHIRFXVRQDQDSSURSULDWHSUREDELOLVWLF
representation of these factors based on historical damage surveys.
'HEULVWUDMHFWRU\PRGHO
7KHSXUSRVHRI WKHGHEULV WUDMHFWRU\PRGHO LV WRSUHGLFW WKHÀLJKWSDWKRIZLQGERUQH
GHEULV DQG LQ SDUWLFXODU WR GHWHUPLQH WKH GLVWDQFH DQG GLUHFWLRQ WUDYHOOHG DQG WKH LPSDFW
speed. The former is required to assess the likelihood of impact on surrounding buildings and 
assets. The latter is required to assess the likelihood of damage being caused by that impact. 
7KHGHEULVWUDMHFWRU\PRGHOPXVWWDNHDFFRXQWRIWKHXQFHUWDLQW\RIWKHSURFHVVHVLQYROYHG











to the Magnus effect and generate additional aerodynamic lift and moment. These in turn 
LQÀXHQFHWKHÀLJKWWUDMHFWRU\7KHFRQWULEXWLRQRI3URIHVVRU7DFKLNDZDWRWKHGHYHORSPHQWRI
WKH¿HOGE\LGHQWLI\LQJWKHIXQGDPHQWDOSDUDPHWHUVDIIHFWLQJWKHÀLJKWRISODWHOLNHGHEULVZDV
recognised by the designation of the Tachikawa number to describe the key non-dimensional 
UDWLREHWZHHQDHURG\QDPLFDQGJUDYLW\IRUFHV>@
5.1. Analytical Models
$ YHU\ VLPSOH PRGHO RI GHEULV ÀLJKW LV LQFOXGHG ZLWKLQ >@$OWKRXJK WKLV GRHV QRW
DWWHPSWWRSUHGLFWWUDMHFWRULHVLWGRHVSURSRVHDFRQGLWLRQIRUGHEULVODXQFKLQWHUPVRIWKH
UDWLRRIDHURG\QDPLF WRJUDYLW\DQGUHVWUDLQLQJIRUFHV7KHUHVXOWDQWGHEULVÀLJKWVSHHG LV








included the rotation of the particle and the aerodynamic forces associated with autorotation. 
%DNHU SURSRVHG D GLIIHUHQW QRQGLPHQVLRQDOLVDWLRQ RI WKH HTXDWLRQV WR 7DFKLNDZD EXW
LGHQWL¿HGWKHVDPHQRQGLPHQVLRQDOUDWLRRIDHURG\QDPLFWRJUDYLW\IRUFHVDVWKHJRYHUQLQJ





of wind borne plate like debris requires an accurate model of the auto-rotational behaviour 
RIWKHGHEULV7KLVLVIXQGDPHQWDOWRSUHGLFWLQJWKHFRUUHFWÀLJKWPRGHDQGGHWHUPLQLQJWKH

















needed for the analytical models described above. The second are aimed at measuring debris 




WR REWDLQ DHURG\QDPLF SDUDPHWHUV DOWKRXJK WKHVH VRXUFHV GRQ¶W SURYLGH WKH IXOO UDQJH
RI DQJOHVQHHGHG7KH¿UVWGHEULV VSHFL¿F WHVWV >@PHDVXUHG VWDWLF IRUFHFRHI¿FLHQWVRQ
SODWHVDQGURGVZKLOHYDU\LQJERWKWKHDQJOHRIDWWDFNDQGWKHDQJOHRIWLOW+RZHYHUGLUHFW
PHDVXUHPHQWV RI WKH LPSRUWDQW DXWRURWDWLRQDO EHKDYLRXU ZHUH QRW PDGH LQVWHDG YDOXHV
RIIRUFHFRHI¿FLHQWVZHUHPRGL¿HGXVLQJDQDSSUR[LPDWLRQWRG\QDPLFVWDOODQGDSSDUHQW
camber to account for auto-rotation.











0HDVXUHPHQWVZHUHPDGHRI LQLWLDOÀLJKW VSHHGV LH WKHPHDQZLQG VSHHGDWZKLFK WKH
GHEULV ¿UVW ODXQFKHG ZKLFK ZDV WKHQ XVH WR FDOLEUDWH WKHLU PRGHO IRU WKH GHEULV ODXQFK
FULWHULRQ$PRUHFRPSUHKHQVLYHZLQGWXQQHOVWXG\RISODWHOLNHGHEULVLVSUHVHQWHGLQ>@
+HUHZLQGVSHHGDQJOHRIDWWDFNGHEULVVL]HDQGGHEULVGHQVLW\DUHVWXGLHGWRGHWHUPLQH
WKH LQÀXHQFHRIHDFKRQ WKH WUDMHFWRU\7KHGHEULV LVKHOGRQD ODXQFKPHFKDQLVPE\DQ
HOHFWURPDJQHWZKLFKLVWXUQHGRIIWRWULJJHUUHOHDVHKHQFHIDLOXUHRI¿[LQJFRPSRQHQWV
LVQRWFRQVLGHUHGDWGHEULVODXQFKDQGWKHQWKHGHEULVÀLJKWWUDFNHGE\FDPHUD7KHUHVXOWV
of the wind tunnel study are used to propose an empirical formula for non-dimensional 
WUDMHFWRULHV LQ WHUPV RI WKH7DFKLNDZD QXPEHU ZKLFK LV WKHQ FRPSDUHG ZLWK WKH UHVXOWV
LQ D'DQDO\WLFDOPRGHO >@7KHDXWKRUV ODWHU H[WHQGHG WKHLUZRUN WR LQFOXGH URGDQG
FRPSDFWGHEULVW\SHV>@7KHLUHPSLULFDOWUDMHFWRU\PRGHOVIRUGLIIHUHQWW\SHVRIGHEULV
DUHFRPSDUHGLQ)LJZKLFKVKRZVVKHHWW\SHGHEULVDFKLHYLQJWKHKLJKHVWVSHHG\HWQRW





.DQGQRQGLPHQVLRQDOWLPH W ) and distance ( x )
0RUHUHFHQWZLQGWXQQHOVWXGLHVKDYHFRQVLGHUHGWKHSHUIRUPDQFHRIURRIVKHHWVRQD
VFDOHPRGHORIDW\SLFDOKRXVHVWUXFWXUH,QWKH¿UVWRIWKHVHVWXGLHV>@WKHH[SHULPHQWDO
GHVLJQ LV GHVFULEHG LQFOXGLQJ WKH VFDOLQJ RI WKH IDVWHQHU IDLOXUH ORDG ZKLFK LV XVHG WR
determine the hold down force for the electro-magnets. Only winds normal to the ridge 
line of the house were considered and the roof sheet was located immediately downwind of 
the ridge. The tests produced a probability distribution for the wind speed at panel failure 




Wind direction and the location of the panel on the roof both had an effect on the failure wind 











FDQ EH LGHQWL¿HG DQG TXDQWL¿HG E\ FRPSDULQJ WKH H[SHULPHQWDO UHVXOWV WR FRPSXWDWLRQDO
simulations. A further advantage of the numerical simulations when studying the force 
FRHI¿FLHQWV LV WKDW WKH\ SURYLGH PRUH GHWDLOV RI WKH ÀRZ ¿HOG DQG SUHVVXUH GLVWULEXWLRQV










+RZHYHU WKH FRPSOH[LW\ RI WKH SK\VLFDO SUREOHP PHDQV WKDW WKH VLPXODWLRQV DUH QRW
WULYLDO )LUVW LW LV QHFHVVDU\ WR VLPXODWH WKH ORFDO ÀRZ ¿HOG DURXQG WKH GHEULV %HFDXVH
WKHGHEULVLV WUDQVODWLQJDQGURWDWLQJWKURXJKWKHÀXLGWKLVKDVWREHFRQVLGHUHGDVDÀXLG
VWUXFWXUH LQWHUDFWLRQ SUREOHP XVLQJ DQ$/( IRUPXODWLRQ7KH GHEULV PRWLRQ LV FDOFXODWHG
XVLQJ D VL[ GHJUHH RI IUHHGRP ULJLG ERG\ VROYHU LQ UHVSRQVH WR WKH ÀRZ LQGXFHG IRUFHV








an unsteady RANS approach with the realisable k-H turbulence model. An inner spherical 
UHJLRQRIPHVKZDVGH¿QHGDURXQGWKHSODWHOLNHGHEULVZKLFKWUDQVODWHGDQGURWDWHGZLWKWKH








complications of gimbal lock and by improving the outer domain by using an unstructured 
PHVK)LJ>@8VLQJWKLVPRGHOGLIIHUHQWGHEULVÀLJKWPRGHVÀXWWHUWUDQVLWLRQDODQG
auto-rotational) were observed that corresponded to those seen in wind tunnel tests. Fig. 8 
VKRZVDFRPSDULVRQRIVLPXODWHGWUDMHFWRULHVXVLQJ&)'ZLWKDQHPSLULFDOPRGHOREWDLQHG
IURPZLQGWXQQHOWHVWLQJ>@7KHVLPXODWLRQVSUHGLFWWKDWLQWKHDXWRURWDWLRQDOÀLJKWPRGH









)LJ  &)'±5%' SUHGLFWHG WUDMHFWRULHV IRU LQLWLDO DQJOHV RI DWWDFN RI íĮ VKRZLQJ D
H[SHULPHQWDO/LQHWDODQG&)'±5%'EDVHG¿WH[SUHVVLRQVIRUQRQGLPHQVLRQDOLVHG
KRUL]RQWDO GLVWDQFH K x  DQG E &)'±5%' SUHGLFWLRQV IRU QRQGLPHQVLRQDOLVHG KRUL]RQWDO
VSHHGDIWHU>@
)LJV  DQG  SUHVHQW W\SLFDO WUDMHFWRULHV IRU GLIIHUHQW ÀLJKW PRGHV )OXWWHULQJ SODWHV
RVFLOODWHDERXWDQD[LVEXWQHYHUURWDWH7UDQVLWLRQDOSODWHVRVFLOODWHDW¿UVWEHIRUHGHYHORSLQJ






















The purpose of the debris impact model is to predict the likelihood of damage due to 






i.e. it needs to relate the kinetic energy and momentum of the debris at impact to the strength 
of the asset hit.
7KHHDUOLHVW GHEULV GDPDJHPRGHO >@ VLPSO\XVHG WKHGHEULVÀLJKW VSHHG WRSURYLGH









together with the effect of the height and distance from the building of the debris source. 
'VLPXODWLRQVVKRZHGDJUHDWHUOLNHOLKRRGRIGDPDJHDQGVKRXOGWKHUHIRUHEHFRQVLGHUHG
conservative or inaccurate.
:KHQ D VLPXODWLRQ RI D YHUWLFDO JXVW LV LQFOXGHG >@ WKHUH LV D QRWHG LQFUHDVH LQ WKH
OLNHOLKRRGRIGDPDJHDVWKHGHEULVWUDMHFWRU\LVORQJHU7KHYHUWLFDOJXVWLVDTXLWHVLPSOLVWLF
PRGHO LQ WKLV FRQWH[W EXW XVLQJ D VWRFKDVWLF PRGHO WR JHQHUDWH D WXUEXOHQW ZLQG ¿HOG LV
PRUHUH¿QHGDQGKDVDPDUNHGLQÀXHQFHRQWKHGHEULVÀLJKWDQGKHQFHOLNHOLKRRGRIGDPDJH
>@$OWKRXJKERWK WKH WXUEXOHQFHDQGJXVWPRGHOV UHTXLUH IXUWKHUYDOLGDWLRQ WKH UHVXOWV
emphasise the importance of the local wind environment on the predictions of damage.
*UD\VRQ >@ KDV SURSRVHG DQ DVVHVVPHQW IUDPHZRUN IRU SUHGLFWLQJ EXLOGLQJ HQYHORSH
failure during the passage of hurricane. The framework includes all the key elements of 
DGHEULVGDPDJHPRGHOLQFOXGLQJDJHQHUDWLRQPRGHOWKDWUHÀHFWVIDLOXUHRIIDVWHQHUVXQGHU
the action of wind pressure. The debris impact aspect of this model calculates both momentum 
and kinetic energy at impact and also considers the consequences of internal pressurisation 
on the integrity of the structure once the envelope has failed.
&RQVLGHULQJWKHYXOQHUDELOLW\RIWKHEXLOGLQJHQYHORSHWRGHEULVLPSDFW$670VSHFL¿HV
VWDQGDUGSURFHGXUHVIRUWHVWLQJWKHLPSDFWUHVLVWDQFHRIFODGGLQJJOD]LQJDQGKXUULFDQHVKXWWHUV
but considers only spherical and rod like debris. Novel testing procedures have therefore been 






recorded using high speed video to determine impact speed and orientation.
'LVFXVVLRQDQGFRQFOXGLQJFRPPHQWV
The literature reviewed in this paper has addressed an issue of real importance in the built 
HQYLURQPHQWZLQGERUQHGHEULVGRHVFDXVHVLJQL¿FDQWGDPDJHDQGFRQVLGHUDEOHHFRQRPLF

loss on an annual basis. It is also clear from the papers reviewed that a new and effective 
VWUDWHJ\KDVEHHQSURSRVHG LQ WKH86$IRUPLWLJDWLQJ WKLVDQGRWKHUQDWXUDOKD]DUGVDQG
WKHLU DVVRFLDWHG ULVNV 7KH +$=860+ PRGHO KDV SURYLGHG DQ RYHUDUFKLQJ IUDPHZRUN
within which detailed engineering research has contributed to the development of a workable 
model. It is important to note that through this framework engineering research has produced 
an impact that is accessible to a wider audience than the engineering community. Whereas 
SUHYLRXVUHVHDUFKPLJKWKDYHUHVXOWHGLQFRGHVRISUDFWLFHIRUHQJLQHHUVWKH+$=860+
PRGHO HTXLSVJRYHUQPHQW DJHQFLHVSURSHUW\RZQHUV DQG LQVXUDQFHFRPSDQLHV DVZHOO DV
engineers.
$OWKRXJKWKHGLUHFWRXWFRPHRIWKLVSDSHULVWRLQIRUPDVSHFL¿FDXGLHQFHDERXWDVSHFL¿F
KD]DUG WKHPRUHYDOXDEOHRXWFRPH LV WRDVNTXHVWLRQVDERXW WKHRYHUDOOPHWKRGRORJ\IRU
PDQDJLQJ QDWXUDO KD]DUGV )(0$ KDV LQYHVWHG LQ D PDMRU SURJUDPPH RI ZRUN ZKHUH LV
WKHHTXLYDOHQWLQ(XURSH"7KHUHLVDVLJQL¿FDQWERG\RIUHVHDUFKRQZLQGKD]DUGLQ(XURSH
but this is principally within the domain of meteorologists and catastrophe modellers in the 
insurance industry. It is on the periphery of engineering research.
7KH+$=860+PRGHOLVQRWDGHVLJQWRROEXWWKHXQGHUO\LQJFRQFHSWVDUHFRUHWR
the implementation of performance based design. Is there a need for a performance based 
GHVLJQDSSURDFKZLWKLQZLQGHQJLQHHULQJ"0RUHRYHU)(0$XVHVWKLVWRROWRDGGUHVVRWKHU
QDWXUDOKD]DUGVÀRRGLQJDQGHDUWKTXDNH+RZHYHUWKHEDVLFPHWKRGRORJ\FRXOGEHDGDSWHG








WUDMHFWRULHV DQG WR GHWHUPLQH DHURG\QDPLF DQG DXWRURWDWLRQDO FRHI¿FLHQWV7KHUH LV JUHDW
SRWHQWLDOIRUGHYHORSLQJ&)'VLPXODWLRQVRIWKHXUEDQEXLOWHQYLURQPHQWWRSURYLGHQRWMXVW
PRUHLQIRUPHGSUHGLFWLRQVRIGHEULVÀLJKWEXWDOVREHWWHUXQGHUVWDQGLQJRIZLQGHIIHFWVRQ
the users of that environment.
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